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ABSTRACT 
Johnson, Nancy A. M.S., Eastern Illinois University. 
November 1993. Concentration and Distribution of 
Phosphate in the Sediments of the Charleston Side Channel 
Reservoir. 
The Charleston Side Channel Reservoir (CSCR) is located 
on the southeast edge of the City of Charleston in Coles 
Co., IL. The CSCR is the sole source of public drinking 
water for the city and also provides for a variety of 
recreational activities. Water quality in the CSCR has 
deteriorated since its construction in 1981, leading to its 
classification as hypereutrophic. The presence of high 
levels of phosphate are of particular concern having 
contributed to an increase in algal blooms and high 
turbidity. 
In order to assess the role of internal loading of 
phosphate from the sediment, thirty-five sampla sites were 
evaluated for total phosphate and composition. Samples were 
ashed at 240 C and all analyses were conducted according to 
standard methods (APHA, 1985). In addition, the type of 
sediments most likely to release phosphate into the water 
column were also examined. 
Most of the sediments containing high to intermediate 
levels of phosphate were found in shallow areas adjacent to 
drainage areas or situated where the peninsula was located. 
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Multiple regression analyses showed a weak positive 
relationship between percent clay composition and phosphate 
concentration. The results of this study indicate that 
internal phosphorus loading constitutes an important source 
of phosphate in the CSCR. Dredging is a potential 
remediation method which would serve to eliminate the 
phosphate-laden sediments and deepen the CSCR. Limiting the 
removal of sediments in the areas of high to intermediate 
concentrations would lower the cost of dredging. However, 
methods must also be employed to control erosion thereby 
ensuring improved water quality and preventing renewed 
deterioration. 
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INTRODUCTION 
Phosphorus has been determined to be the limiting 
nutrient in most freshwater ecosystems (Imboden, 1974).This 
important nutrient usually occurs in natural waters and 
sediment as phosphates (APHA, 1985). These may be 
classified as orthophosphates, condensed phosphates (pyro-, 
meta-, and other polyphosphates), and organically bound 
phosphates (APHA, 1985). Phosphates may be adsorbed to 
clay, calcite or apatite particles as well as directly onto 
hydrous iron or aluminum oxides (Goldman and Horne, 1983). 
Exchange of phosphorus between sediment and water is perhaps 
the most important aspect of phosphorus in natural waters 
(Allen and Kramer, 1972). Adsorption-desorption of 
phosphates is influenced by several factors. Allen and 
Kramer(1972) indicate that the primary chemical variables 
determining adsorption-desorption are the oxidation-
reduction (redox) potential, pH, calcium concentration, and 
degree of agitation of the sediment in water. Furumai and 
Ohgaki (1989) suggest that the phosphorus concentration of 
the overlying water also may be important. Studies 
examining these factors have focused primarily on the 
relationship between the redox potential and pH of the pore 
and overlying waters. Harper (1992) reported that a 
significant amount of phosphorus release occurs at a redox 
potential between +200 and +JOOmV and a pH 7. Several 
authors note an increase in phosphorus release under 
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anaerobic or nearly anaerobic conditions and corresponding 
low pH levels (Larsen et al., 1981; Goldman and Horne, 1983; 
Allen and Kramer, 1984; Cook et al., 1986; Furumai and 
Ohgaki, 1989). This response is expected since a decrease 
in the degree of oxygenation corresponds to a decrease in 
the redox potential. Evidence exists to suggest that 
phosphates also may be liberated at very high pH levels. 
Jones and Welch (1990) reported that mixing high pH surface 
waters to the sediment surface enhanced the release of 
phosphate. In an examination of Long Lake, Washington, 
Jacoby et al. (1982) concluded that under conditions of high 
pH, sediment may act as the major internal source of 
phosphorus causing still higher photosynthetic rates and 
high pH. A similar positive feedback loop was discussed by 
Istranovics (1988) who observed that a rise in pH of the 
overlying water during periods of rapid primary production 
and a corresponding increase in pore water pH results in 
desorption of phosphate from iron and aluminum compounds. 
The desorption of phosphate then served to promote continued 
primary production (Istranovics, 1988). 
Construction of the CSCR began in 1980 as a result of 
increased siltation and subsequent reduction in volume of 
Charleston Lake (IEPA, 1988). A channel was cut through a 
peninsula resulting in a redirection of the normal flow of 
water and a dike installed to isolate the newly-created 
3 
reservoir from Lake Charleston (IEPA, 1992). Water was then 
pumped into the CSCR from the east side of the dike into the 
west side to create a reservoir with a 5450 billion liter 
capacity (IEPA, 1992). Currently, water is selectively 
pumped into the CSCR from Lake Charleston as required by the 
City of Charleston. Pumping of water by this route consists 
of 50% of the hydraulic budget of the CSCR with greater than 
40% contributed by direct precipitation (IEPA, 1992). 
The Charleston Side Channel Reservoir (CSCR) serves as 
the sole source of water for the City of Charleston and 
provides for a variety of recreational activities. 
Sustained use of this resource depends upon maintenance of 
the quality of water contained in the CSCR. Water quality 
has deteriorated dramatically since completion of the CSCR 
in 1981. Algal blooms, sedimentation/siltation, and low 
dissolved oxygen levels have led to the classification of 
the CSCR as hypereutrophic (IEPA, 1992). All of the 
conditions characteristic of a hypereutrophic system impair 
water quality and thereby affect practical as well as 
recreational use of this resource. 
One approach for improving water quality is the 
identification of the nutrient which limits primary 
productivity and then proceeding to control the amount of 
that nutrient in the system. Currently, the CSCR contains 
acceptable levels of nitrogen (IEPA, 1990). However, 
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concentrations of total phosphorus in the water column 
exceed the limit set by the Illinois Environmental 
Protection Agency {1990). High levels of phosphorus have 
contributed to an increase in algal blooms and high 
turbidity within the CSCR. These factors have resulted in 
considerable taste and odor problems with regard to drinking 
water. The Charleston Water Treatment Plant has incurred 
substantial financial cost in an attempt to alleviate the 
difficulties attributable to distasteful drinking water 
(IEPA, 1992). 
Potential sources of phosphorus in the CSCR 
have not been fully investigated. To date, all data 
collected with regard to phosphorus levels have focused 
exclusively on those found in the water column. I sought to 
partially remedy this deficiency by determining 1) the 
concentration and distribution of phosphorus as total 
phosphate in the sediment of the CSCR and 2) identifying 
those sediments most likely to release phosphate into the 
water column. This information could potentially be useful 
when considering possible management options for improving 
water quality. 
MATERIALS AND METHODS 
The Charleston Side Channel Reservoir is located on the 
southeast edge of the City of Charleston in Coles County, 
Illinois (IEPA, 1988). The CSCR has a surface area of 
140.08 hectares and a total volume of 4,268,324 cubic meters 
(IEPA, 1988). Mean and maximum depth are 3.05 and 6.1 
meters respectively (IEPA, 1988). 
Sediment samples and grain size analyses were obtained 
from Dr. Vince Gutowski, Department of Geology, Eastern 
Illinois University (Figure 1). Three one-gram portions of 
each sample were ashed at 240 c. The samples were then 
digested using the persulfate method (APHA, 1985) and tested 
for total phosphate by the ascorbic acid method (APHA, 
1985). Stepwise forward and stepwise backward multiple 
linear regressions were conducted to examine the potential 
relationship between phosphate concentration and sediment 
composition. 
A cluster analysis was performed using grain size data 
for 35 of the sediment samples. six clusters were generated 
and one representative sample from each cluster was chosen 
for evaluation of phosphate release (Figure 2). In 
addition, a one-way analysis of variance (ANOVA) was used to 
evaluate the within group and between group variance of the 
cluster groups. The apparatus for this experiment consisted 
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Figure 1. Map of the Charleston Side Channel Reservoir 
showing locations of sample sites (modified from IEPA, 
1988) • 
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Figure 2. Locations of cluster sites. (o = cluster I, 
• = cluster II, o = cluster III, o = cluster IV, * = cluster 
V, *= cluster VI). 
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of two sterilized Bellco parabiotic culture tubes separated 
by a membrane filter (d=25mm, pore size=0.45 m). Three 
five-gram portions of a given representative sample were 
individually placed into one tube and sealed with Tissue 
Prep. The second tube was then filled with 10 mL of 
sterilized Milli-Q water and both tubes were capped to deter 
evaporation and contamination of the samples. The apparatus 
was allowed to stand for five days after which the lOmL of 
water analyzed for total phosphate using the persulfate 
digestion (APHA, 1985) and ascorbic acid (APHA, 1985) 
methods. 
RESULTS AND DISCUSSION 
Erosion has a substantial impact on phosphate loading 
in the CSCR. The watershed adjacent to the CSCR is 
predominantly ridge and ravine topography with steep slopes 
and short length, high gradient tributaries (IEPA, 1992) 
and is conducive to erosion. The Soil Conservation Service 
(SCS) of the U.S. Department of Agriculture has identified 
three types of watershed erosion which impact the CSCR and 
their estimated percent delivery of phosphate per year: 
1) sheet, rill and ephemeral cropland erosion, 65%; 2) 
channel and gully, 95%; and 3) shoreline erosion, 100% 
(IEPA, 1992). Total soil erosion in the watershed is 
estimated to be 3275.8 metric tons annually (IEPA, 1992). 
Over half of the sites exhibiting high (< 0.06 mg Po4 g-l 
sediment) and intermediate (< 0.03 mg P04 g-l sediment) 
concentrations of phosphate are located in association with 
drainage areas (Figure 3). Intermediate and high 
concentrations are also found where the peninsula was 
located (Figure 3). In contrast, the lowest values (>0.03 
mg P04 g-1 sediment) were encountered in areas removed from 
the tributaries. This implies that erosion, especially type 
2 (channel and gully), is introducing phosphate-laden 
particles into the CSCR. 
The contribution of phosphate by erosion is not only 
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Figure 3. Map of the Charleston Side Channel Resevoir 
showing land use characterisitcs and relative phosphate 
concentrations (modified from IEPA, 1988) (A= agricultural, 
C= commercial, G= grassland, I= industrial, F= forest, 
M= municipal, RE= residential estate, RI= residential, 
W= water; •= low, o= medium, * = high). 
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influenced by the topography of the watershed, but also by 
the surrounding land use characteristics. The land 
bordering the CSCR is primarily forest (Figure 3). Forested 
land is not considered to contribute a substantial amount of 
nutrients with regard to run-off and is often categorized as 
part of the natural nutrient load (OCDE, 1982). Land 
surrounding the sources of the tributaries, however, is 
classified as both agricultural and grassland (Figure 3). 
Agricultural run-off has been regarded as an important non-
point source of nutrients; especially nitrates and 
phosphates (Reckhow and Simpson, 1980; OECD, 1982; 
Cook et al., 1986). The CSCR, therefore, is exhibiting the 
effects of erosion coupled with land use practices which 
have the potential to contribute phosphate to the system. 
Since water is pumped into the CSCR from Lake 
Charleston, land use characteristics and phosphate levels of 
the lake should be considered as well. The primary land use 
in the Lake Charleston watershed is agricultural (!EPA, 
1992). Total phosphorus concentrations in Lake Charleston 
averaged 0.098 mgL-1 and 0.141 mgL-1 for surface and bottom 
samples respectively (!EPA, 1992). Both of these values 
exceed the 0.05 mgL-1 limit set by the Illinois Pollution 
Control Board and should be recognized when identifying 
external phosphate sources. 
studies have shown that sediment may act as either a 
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sink or source of phosphate depending on a variety of 
conditions (Allen and Kramer, 1972; Wildung and Schmidt, 
1973; Van Der Molen, 1991). One factor which influences the 
character the sediment is composition. The amount of clay 
in lake sediments is perhaps the most important factor in 
determining its phosphate holding capacity (Goldman and 
Horne, 1983). Clays sorb phosphorus by the specific 
chemical interaction of P04 with Al on the edges of the clay 
plates (Goldman and Horne, 1983). A correlation analysis of 
P04 on the variables sand, silt and organics was not 
significant (p > .05). This analysis did demonstrate a 
significant (p < .05) yet negative correlation with regard 
to clay (r = -.2115) (Appendix D).Stepwise forward multiple 
linear regression analysis failed to produce any significant 
values for any of the variables (p > .05). A stepwise 
backward multiple linear regression generated the following 
model: y = Bo + BiX1 + B2X2 
Where: Bo = -0.910 
Bl = 0.0014 
x1 = % sand 
B2 = 0.0016 
X2 = % silt 
in which sand and silt were determined to be significant. 
In light of the data obtained during this study, it must be 
concluded that sediment composition is a not a good 
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Figure 4. Locations of sites in cluster IV. 
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predictor of phosphate concentration in the CSCR. 
Cluster analysis was performed in an effort to identify 
the type of sediments most likely to release phosphate (F = 
3.65, p = 0.03). The four sites present in cluster IV were 
determined to have the greatest potential for release of 
phosphate into the water column (Figure 4). Mean (n = 8) 
composition of these samples is as follows: %sand= 34.74, 
%silt=45.26, %clay= 11.82, and %organic=8.14. Sediments of 
the CSCR which contain similar proportions of material also 
may be expected to release phosphates. Once more, the low 
percentage values of the clay and organic portions were not 
anticipated. However, these values support the conclusion 
that sediment composition is a poor predictor of phosphate 
concentration in the CSCR. 
One factor which may allow sediments to act as a source 
of phosphate is wind. The CSCR is shallow and polymictic 
(!EPA, 1988) and therefore subject to the effects of wind. 
In a study of Moses Lake, Washington, Jones and Welch (1990) 
concluded that the principal influence on spring-summer lake 
water quality may be internal loading of P04 from sediments 
controlled by the wind. De Groot (1981) found that wind may 
increase the exchange between water and sediment and 
therefore raise the redox potential and pH, affecting the 
adsorption equilibria in the sediment and at the same time 
transport dissolved phosphate. Jacoby et al. (1982) 
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concluded that surface layers of the flocculent sediment 
have greater tendency to come in contact with water of high 
pH in shallow lakes than in deeper, stratified lakes. Most 
studies show that in laboratories, agitated solutions of 
sediment release more phosphorus than unstirred solutions 
(Allen and Kramer, 1972). In a study of Lough Ennell, 
Lennox (1984) determined that aerobic conditions most likely 
to promote the maximum release of sediment phosphorus which 
is immediately bioavailable, are largely confined to the 
shallower areas of the lake. These areas are associated 
with continuous mixing of the overlying water without mass 
resuspension of sediment. As previously mentioned, most of 
the sediments containing high to intermediate concentrations 
of phosphate were found in shallow areas. These areas are 
therefore a potential source of phosphate not only due to 
their composition, but to the effect of intermittent 
turbation characteristic of the CSCR. 
Internal phosphorus release from the sediment is the 
largest source of phosphorus in the CSCR accounting for over 
44% of the total phosphorus load (IEPA, 1992). One method 
designed to alleviate this contribution is dredging. As 
previously discussed, the areas exhibiting the highest 
concentrations of phosphate are those adjacent to drainage 
areas and those situated where the peninsula was located. 
It may therefore be possible to limit dredging operations to 
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these areas. This would be economically advantageous as the 
cost of dredging the CSCR has been estimated to be 
$4,174,300 (!EPA, 1992). However, the effect of external 
loading should also be considered. Shoreline erosion is the 
largest external source of phosphorus loading in the CSCR 
contributing 637 kg yr-1 (!EPA, 1992). This suggests that 
dredging activities should be executed only in conjunction 
with shoreline erosion control techniques. 
CONCLUSION 
The Charleston Side Channel Reservoir exhibits 
continuing water quality deterioration. Internal loading of 
phosphates from the sediments is a major contributor to this 
deterioration. The results of this study indicate that 
internal loading of phosphates is supported by erosion of 
the watershed surrounding the CSCR. A remediation plan must 
therefore include both techniques for controlling erosion 
and eliminating the phosphate containing sediments. 
Dredging areas where phosphate levels are high to 
intermediate is a potential method which would eliminate the 
need to dredge the entire reservoir and thereby decrease the 
overall cost to the City of Charleston. 
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APPENDIX A 
Mean mgPo4 g-1 sediment 
Table 1. Mean mgP04 g-l sediment 
Site # - mgP04 g-l sediment ppt Sample size x 
1 53.40 3 
2 58.7 3 
3 4.60 5 
4 38.9 6 
5 29.3 4 
6 1. 60 6 
8 3.30 4 
9 44.9 5 
11 1.2 4 
12 66.7 3 
13 1. 0 4 
14 7.3 5 
15 3.5 4 
16 1. 7 2 
18 1.5 3 
19 2.0 2 
20 3.0 4 
22 3.0 3 
23 0.6 2 
26 
Site # x mgP04 g -1 sediment Sample size 
24 18.0 5 
25 38.9 5 
26 7.1 6 
35 7.6 5 
36 1. 6 3 
37 1.4 3 
38 6.1 6 
39 12.1 4 
40 0.7 3 
41 34.4 3 
42 16.7 3 
43 91. 7 2 
44 0.2 3 
45 1.2 3 
46 51.1 4 
47 1.9 3 
48 1. 6 4 
49 3.3 4 
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APPENDIX B 
Sediment Composition of Clusters 
Table 2. Sediment composition of clusters. 
Cluster # x sand% x silt% x clay% x organics% 
I 82.54 10.21 4.503 1.973 
II 6.280 60.75 18.44 14.57 
III 4.670 65.31 21.97 8.058 
IV 34.74 45.26 11.82 8.140 
v 1.790 63.34 26.70 8.053 
VI 0.840 56.55 33.87 8.740 
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APPENDIX C 
Release of Phosphate from Representative Cluster 
Samples 
Table 3. Release of phosphate from representative cluster 
samples. 
Cluster # Site # - mgP04 g-1 sediment x 
I 25 0.0005 
II 4 0.0005 
III 2 0.0008 
IV 12 0.0023 
v 42 0.0006 
VI 36 0.0016 
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APPENDJ:X D 
Correlation Analysis of P04 
Table 4. Correlation analysis of P04 • 
Variable Bo B1 R2 F R 
Clay 0.0289 -.0008 0.0447 5.855 -.2115 
Sand 0.0111 0.0002 0.0253 3.247 0.1591 
Silt 0.0244 -.0002 0.0128 1. 624 -.1132 
organic 0.0235 -.0010 0.0184 2.347 -.1357 
